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Bulletin 353 
Effect of Nitrogen Fertilizer 
on Yield and Protein Content 
of Winter Wheat In Utah 
By Howard B. Peterson 
Me:! lr.n '. :'~ge of Agricuttu,' 
r j ; ~~na 'c Arts 
AGRICUL TURAL EXPERIMENT STATION 
UTAH STATE AGRICULTURAL COLLEGE 
LOGAN UTAH 
SUMMARY AND CONCLUSIONS 
DURING the period from 1942 through 1950, field experiments with fertilizers on dry land wheat were conducted on a variety 
of soils in Utah. Such variables as rate, time of application, 
source of nitrogen, and location were compared. The aim was 
to determine how to fertilize dry land winter wheat more effect-
ively. The result of these trials support the folloWing conclusions: 
1. Commercial nitrogen when applied to winter wheat in-
creased either the yield, the protein content, or both. 
2. There were no significant decreases in either yield or 
protein content of winter wheat as a result of fertilizer treatments. 
3 Whenever an increase in protein was obtained, there was 
a decided decrease in the yellow berry content. 
4. Forty pounds of nitrogen per acre in general appeared to 
be the most profitable rate of application. 
5. Undoubtedly on many farms moisture continues to be a 
limiting factor in making fertilizer available to the plant and use 
of less than 40 pounds of nitrogen or even none at all, would be 
advisable where soil moisture is too low. 
6. Weight per bushel of wheat was seldom increased by 
fertilizer treatments. 
7. The nitrate form of nitrogen was generally slightly more 
effective than the ammonium in increasing yield and protein 
content of wheat when applied in the spring. Usually both forms 
were about equally good when applied in the fall. 
8. In the northern part of the state early spring applications 
in the crop year were usually better than fall applications. At 
Nephi spring and fall applications were usually equally effective. 
9. There was no crop response to phosphate. 
10. The rainfall in Cache and Box Elder Counties of northern 
Utah has been above normal during most of the period of these 
studies. 
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EFFECT OF NITROGEN FERTILIZER ON YIELD AND 
PROTEIN CONTENT OF WINTER WHEAT IN UTAH1 
H. B. Peterson2 
INTRODUCTION 
W INTER WHEAT is one of the major crops of Utah. For 'more than 50 years winter wheat has been grown on the dry lands 
of the state. It is about the only crop grown on these lands under 
the usual alternate cropping and fallow system. Since 1941 
acreage in the state has increased about 60 percent. Little or no 
manure is applied and only occasionally is a legume green manure 
turned under. It is apparent that with the original low supply of 
nitrogen in most of the soils of the state, together with the deplet-
ing effects of the common cropping practice, the result will be 
smaller yields and grain of inferior quality. Hence, nitrogen 
rather than moisture may be, in many instances, the limiting 
factor in crop production. As a result of a reduction in yield and 
quality of wheat, growers and processors are concerned 'about the 
problem. 
There appear to be two possible practical ways of maintaining 
or increasing the soil nitrogen of the dry lands. These are: (1) 
the use of legumes, especially alfalfa, in a rotation; (2) the use of 
commercial fertilizers. This investigation was confined to the use 
of commercial fertilizers as a possible partial solution to the prob-
lem of increasing the yield and quality of winter wheat. At the 
time this study began in 1942 no nitrogen fertilizers were being 
applied by the farmers of the state. By 1951 an estimated 1,800 
tons of nitrogen were used on dry lands. 
METHODS AND PROCEDURES 
In order to obtain data that were representative of the greater 
part of the wheat-growing regions of the state, most of the field 
trials were conducted in Juab, Cache, and Box Elder Counties .. 
The soils at each location were fairly uniform, but unclassified, 
and had received no previous fertilizer treatments during the 
approximately 50 years of cultivation. The nature 6f the trials 
lContribution of the Department of Agronomy. Report on project 217, Purnell-
State. 
Trofessor of agronomy. 
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varied from simple ones conducted at several locations for a given 
season to more complicated experiments involving such variables 
as fertilizer rate, source, time of application, location, and repeat 
application. The plot sizes in the different trials varied from 
1/100 to 1/30 of an acre. Fertilizers were broadcast unless other-
wise noted. Applications in the fall were made about seeding 
time. Early spring applications were made as soon as it was dry 
enough to get on the land; the dates varied from March 18 to 
April 21, depending on the season and location. Yield data were 
obtained by harvesting from 5 to 10 one-square yard quadrat 
samples from each plot. 
Trials at each of the locations were for only one harvest with 
the exception of the repeat treatments at Nephi. At the Nephi 
Field Station one series of plots was established in the fall of 
1944 and the first harvest made in 1945. In 1945 another series 
was begun just adjacent to the first. Each of the following years, 
one of the series was in production while the other was in fallow. 
Repeat treatments were made on the plots for each crop produced. 
Protein, yellow berry percentage, and test weight determina-
tions were made on most of the samples. At some locations the 
wheat seed was of mixed varieties and yellow berry counts were 
difficult to make. 
All treatments were replicated and data were analyzed statis-
tically~ Variance tables are presented as an appendix. The data 
on yellow berry percentage was converted to angles before the 
analysis of variance was applied. 
EXPERIMENTAL RESULTS 
PRELIMINARY TRIALS 
I N 1942 at Petersboro, the effects of phosphate and early and late spring applications of nitrogen were investigated. Only the 
early application of nitrogen influenced yield (table 1). This was 
also indicated by the split application. Nitrogen applied early had 
some beneficial influence, but little or no benefit could be attri-
buted to the late application, as indicated by the fact that the 
split application yield increases were only as great as from the 
'George w. Snedecor. Statistical methods. Ames, Iowa, The Iowa State College 
Press, 1946. 
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Table 1. The influence c:1 phosphorus and time and rate of nitrogen applications 
on the yield an quality of winter wheat at Petersboro, Cache County, 
1942 
Rate Time of Test 
Materialo per acre applicationt Yield Straw Protein weight 
lbs. bu. tons percent lbs. 
0 17.9 .80 9.81 61.4 
P20 5 42 early 19.7 .90 9.93 61.2 
P20r; 84 early 19.3 1.10 9.33 61.3 
N 20 early 27.7 lAO 9.91 61.4 
N 40 early 31.3 1.75 10.03 61.8 
N 20 late 19.1 .90 9.34 61.2 
N 40 late 20.6 1.00 10.11 61.6 
N 10 early 
10 late 23.6 1.10 9.81 60.9 
N 20 early 
20 late 27.4 1.35 9.63 61.9 
N 20 early 
P20r; 42 early 2504 1.36 9.77 61.5 
N 20 late 
P20 r; 42 early 19.3 .90 9.97 61.1 
°The fertilizers were broadcast. The nitrogen (N) as ammonium sulfate and the 
phosphorus (P ~5 ) as treble superphosphate. 
tEarly ap£lications were made in the spring when the plants were 3-4 inches high, 
and the ate when the grain started to come in boot. 
Statistical analysis of data is presented in table 1 of appendix. 
Single early application. Straw growth was significantly increased 
by the nitrogen in nearly the same order as was the grain yield. 
There was no significant influence of nitrogen on the protein con-
tent of the grain. ,It was thought that perhaps the early appli-
cations would increase yields while the late would increase the 
protein content. It is likely that there was not sufficient rainfall 
after the late application to carry the nitrogen into the root zone 
where it could be used by the plant in time to influence the pro-
tein content. The test weight differences were neither consistent 
nor significant. Phosphate had no measurable influence on the 
crop. 
At Paradise in 1943, two sources of nitrogen were broadcast 
at four rates. Nitrogen had a significant linear effect on grain 
yield, protein, and straw, but not on the test weight (table 2). 
The low rates had little beneficial effect. When all rates were 
averaged, sodium nitrate was Significantly more effective than 
ammonium sulfate. 
In the spring of 1943 two sources of nitrogen were compared 
at four rates of application at the Nephi Field Station. A sum-
mary of the data is given in table 3. Nitrogen fertilizers signifi-
0) 
Table 2. The influence:1 nitrogen fertilizers <m- the yield of grain and straw, protein content, and test weight of winter wheat c:: 
grown at Pa~ ise, Cache County, 1943 ~ 
Source of nitrogen > G") 
~ 
Ammonium sulfate Sodium nitrate Averages n 
c: 
t-t 
Rate of Test Test Test ~ c:: 
nitrogen Yield Protein Straw weight Yield Protein Straw weight Yield Protein Straw weight $: 
t-t 
bu. percent tons lbs. bu. percent tons Zbs. bu. percent tons Zbs. t:r1 ~ 
8.78 1.30 61.8 21.0 8.70 1.54 61.8 24.6 8.74 1.42 61.8 
t:r1 
5 28.2 ~ 
t( 
10 29.2 8.94 1.43 61.6 35.0 8.62 1.80 61.8 32.1 8.78 1.62 61.7 t:r1 Z 
~ 
20 31.0 9.20 1.31 61.6 35.3 9.26 1.70 61.5 33.2 9.23 1.50 61.6 til ~ 
40 38.5 9.93 1.67 62.0 43.3 10.61 2.41 61.0 40.9 10.27 2.04 61.5 ~ .... 0 
Z 
t:J:I 
Average 31.7 9.21 1.43 61.8 33.7 9.30 1.86 61.5 c:: 
t-t [;; 
Control 25.9 8.82 1.34 61.5 ~ 
Statistical analysis of the data is presented in table 2 of appendix. ~ 
"" 
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Table 3. The influence of nitrogen fertilizers on the yield and protein content 
of winter wheat grown on dry land at Nephi, Juab County, 1943 
Source of nitrogen 
Amm. sulfate Sod. nitrate Average 
Rate of 
nitrogen Yield Protein Yield Protein Yield Protein 
-
lbs./acre bu . pet'cent bu. percent bu. percent 
5 17.1 11.79 21.0 12.30 19.0 12.04 
10 19.4 10.97 21.7 12.93 20.5 11.95 
20 22.1 11.07 24.3 13.06 23.2 12.08 
40 22.5 12.39 27.6 14.94 25.0 13.60 
Average 20.3 11.55 23.6 13.31 
Control 18.5 11.09 
Statistical analysi of the data is presented in table 3 of appendix. 
cantly increased the yield and protein content of the wheat. The 
high rates were generally more effective than the low and sodium 
nitrate was better han ammonium s Ilfate. 
At seeding time in 1943, plots were established on the Nephi 
F ield Station to compare fall and spring applications of two fertil-
izers. The data from this trial are sUlnmarized in table 4 and 
indicate a yield response to nitrogen. This was greater from spring 
applications than from fall applications. Protein content of the 
wheat was significantly increased by fertilizer application al-
though the tinle of application had no consistent effect on the 
protein percentage. The heavier rate of application was most 
effective in increasing protein content. Of the two sources, the 
nitrate was Significantly better than the sulfate. 
In the early spring of 1945 a test was established just inside 
the Box Elder County line adjacent to Cache County. Half of the 
plots were on land prepared with stubble mulch tillage and the 
other with a moldboard plow. Both areas were given the usual 
weedings with a rod weeder. Fertilizer increased the grain yield, 
straw, and protein content and reduced the incidence of yellow 
berry (table 5). There were no differences attributed to the till-
age operations. 
UNIFORM TRIALS IN 1945 
During the fall of 1944, three series of plots were established 
for the 1945 crop. Two were in Box Elder County, one (the Stohl 
Table 4. The yield and protein content of winter wheat lU influenced by ammonium sulfate and sodium nitrate. Nephi, 
Juab County, Utah, 1944 
Source of nitrogen 
Ammonium sulfate Sodium nitrarte 
Season of broadcast application 
Fall ~pring Fall Spring Averages 
Rate of 
nitrogen Yield Protein Yield Protein Yield Protein Yield Protein Yield Protein 
bu. percent bu. percent bu. percent bu. percem bu. percent 
20 23.1 9.90 24.3 10.00 29.2 11.65 "32.8 10.88 27.3 10.60 
40 34.7 10.30 38.9 10.17 33.2 12.78 34.5 12.16 35.3 11.35 
Average 28.9 10.10 31.6 10.08 31.2 12.21 33.6 11.52 
Control 20.4 9.62 
Statistical analysis of the data is presented in table 4 of appendix. 
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Table 5. The influence of sodium nitrate on the average grain and straw yield, 
the percentage yeUow be"", and the protein content of winter wheat on 
the Hansen Farm, Box Elder County, 1945 
Stubble mulch Moldboard plow 
Fertilized Not Fertilized Not 200 lbs./ acre fertilized 200 lbs./ acre fertilized 
sod. nitrate sod. nitrate 
Yield bu./ acre 33.07 20.80 35.6 26.7 
Straw tons/acre 1.75 1.11 1.98 1.34 
Yellow berry 
( percentage) 46.7 98.3 44.1 92.9 
Protein content 
( percentage) 10.42 8.16 10.16 8.33 
Statistical analysis of the data is presented in table ·5 of appendix. 
farm) northwest of Tremonton, and the other (Kotter's) in Blue 
Creek. A third was in Juab County on the Nephi Field Station. 
The combined data are presented in table 6. Only at Nephi was 
there a significant increase in yield from the nitrogen fertilizer. 
The data for the three locations showed ammonium sulfate drilled 
in the fall to be superior to the ammonium sulfate when broad-
cast in the spring. At Nephi the sodium nitrate was best at both 
times of application. Protein content was Significantly increased 
by nitrogen at all locations. 
UNIFORM RATE AND SOURCE COMPARISONS IN 1946 
In 1946 ammonium sulfate and ammonium nitrate were 
broadcast at three rates on plots at Clarkston, Cache County; 
White's Valley, Blue Creek, and Beaver Dam, Box Elder County. 
The data from the individual locations are given in table 7. A 
combined summary is shown in table 8. 
Nitrogen increased yields and protein content, and decreased 
yellow berry. Ammonium nitrate was more effective than am-
monium sulfate. The influence of the nitrogen increased as the 
rate of application was increased from 20 pounds per acre to the 
highest rate used-60 pounds per acre. 
Table 6. The effect of fertilizers on the yield and protein content of winter wheat grown at three locations, 1945 ~ 0 
Locations c:: ~ 
Nephi, Juab Co. Stohl, Box Elder Co. Kotter, Box Elder Co. Average ~ 
> 0 
Yield 
~ 
Treatment Rate Yield Protein Protein Yield Protein Yield Protein 
-() 
c:: 
lbs. bu. percent bu. percent bu. percent bu. percent t"" ~ 
Control 22.3 9.99 33.5 9.59 19.6 11.36 25.1 10.31 c:: ~ 
Fertilizer drilled in the fall ~ 
Sodium nitrate 125 28.3 10.83 32.6 10.79 17.5 14.73 26.1 12.12 t::l :x 
~ 
Sodium nitrate 250 29.7 10.96 30.0 12.75 15.2 14.32 25.0 12.68 t::l ~ 
-Amonium sulfate 100 25.3 10.39 34.0 9.50 21.5 12.48 26.9 lO.79 a-,:: 
t::l 
Amonium sulfate 200 28.0 10.85 36.2 10.91 17.1 15.03 27.1 12.26 Z ~ 
16-20-0 125 29.5 10.09 35.1 10.90 20.4 13.22 28.3 11.40 en 
11-48-0 100 25.7 10.30 33.8 9.65 19.4 11.68 26.3 10.54 ~ 
1-1 
0-43-0 100 23.0 10.07 33.8 9.19 20.5 11.97 25.8 10.41 0 Z 
Fertilizer broadcast in the spring OJ 
c:: 
Sodium nitrate 125 23.0 9.88 35.6 9.99 20.5 13.55 26.4 11.14 t"" t"" 
Sodium nitrate 250 29.5 12.22 37.1 11.91 18.3 16.36 28.3 13.50 t::l ~ 
1-1 
Ammonium sulfate 100 24.8 10.05 31.7 9.44 18.5 12.69 25.0 10.73 Z 
c.:> 
Ammonium sulfate 200 25.0 10.83 32.6 11.38 20.0 13.21 25.9 11.81 C1l. c.:> 
Statistical analysis of the data is presented in table 6 of appendix. 
Table 7. The average yield, protein content, and yellow berry percentage of winter wheat as influenced by nitrogen fertilizers, 1946 
White's Valley Clarkston Blue Creek Beaver Dam 
Box Elder County Cache County Box Elder County Box Elder County 
Rate 
per Yield Yellow- Yield Yellow- Yield Yellow- Yield Yellow-
Treatment acre per acre Protein berry per acre Protein berry per acre Protein berry per acre Protein berry 
lbs. bu. perceni percent bu. percent percent bu. percent percent bu. percent percent 
• 
Control 21.6 8.36 87.3 20.3 11.08 36.4 21.8 8.61 65.4 17.6 8.55 86.0 
Ammonium sulfate 100 21.9 8.29 76.7 24.4 11.29 29.5 22.8 9.67 23.9 23.6 9.37 40.3 
Ammonium sulfate 200 25.3 9.44 41.8 25.9 11.76 19.0 24.0 9.69 26.1 23.6 10.56 27.1 
Ammonium sulfate 300 24.9 9.54 31.1 28.9 11.56 18.6 24.2 10.49 12.8 29.7 11.21 18.9 
Ammonium nitrate 62.5 23.5 9.03 53.4 29.4 11.87 18.3 23.1 10.71 17.2 25.3 9.33 44.3 
Ammonium nitrate 125 27.1 10.16 26.3 27.7 12.67 13.9 25.3 11.84 4.2 31.9 10.75 14.9 
. Ammonium nitrate 187 26.4 12.17 7.2 30.6 13.31 10.7 25.5 12.39 6.9 33.6 11.97 9.0 
L. S. D. .05 4.46 .93 4.46 .64 4.46 1.79 4.46 .81 
L. S. D. .01 5.48 1.31 5.48 .90 5.48 2.47 5.48 1.14 
Table 8. The average yield, protein content, and yellow berry percentage of winter wheat grown at four locations in Cache 
and Box Elder Counties as influenced by nitrogen fertilizers, 1946 
Source of nitrogen 
Ammoniwn sulfate Ammoniwn nitrate 
Averages 
Rate of 
nitrogen Yield Protein Yellow berry Yield Protein Yellow berry Yield Protein Yellow berry 
pounds bushel percent percent bushel percent percent bushel percent percent 
20 23.2 9.65 4.26 25.3 10.23 33.3 24.4 9.94 37.9 
40 24.7 10.36 28.5 28.0 11.35 14.8 26.3 10.85 21.6 
60 26.9 10.70 • 20.3 29.0 12.46 8.4 27.9 11.58 14.3 
Averages 24.9 10.23 30.5 27.4 11.34 18.8 
Control 20.3 9.15 68.8 
Statistical analysis of the data is given in table 8 of appendix. 
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TIME OF ApPLICATION AND RATE SOURCE COMPARISONS IN 1948 
In the fall of 1946, at three locations, plots were established 
on stubble ground and treatments made. In the following spring 
similar treatments were made on the stubble before the cultivation 
was begun for the fallow season. Again in the fall (1947) addi-
tional treatments were made at about seeding time. The final 
applications were made the early spring of the harvest season. 
There were, then, treatments made at various times from shortly 
after a crop was removed until the spring of harvest season. The 
yield was significantly influenced by treatment at two of the 
three locations (table 9). The combined data in table 10 indicate 
a significant linear relation; the average yields were increasingly 
greater from the oarliest application to the latest. At all locations 
the nitrogen was more effective in increasing the protein content 
of the wheat the nearer it was applied to the time of harvest. The 
heavier rate of application (60 pounds of nitrogen) was signifi-
cantly more effective than the 40 pound application. A signifi-
cant difference was found in the effect of the two sources of 
nitrogen on the protein content; this was in favor of the ammon-
ium nitrate. 
UNIFORM TRIALS IN 1948 
In the spring of 1948 fertilizer was broadcast in small uniform 
trials conducted in Cache, Box Elder, Juab, Salt Lake, and Utah 
Counties. A summary of the data is in table 11. Significant yield 
increases were recorded at only three of the seven locations. Pro-
tein increases were Significant at six of the seven locations and 
that exception was the test at Harriman where the protein was 
high and an extreme summer drought restricted what in early 
summer appeared to be a remarkable plant response. There was 
no evidence in any of the trials that phosphate and nitrogen fer-
tilizers were better than the nitrogen alone. 
The trial at Cove in Cache County was on land cropped to 
wheat the previous year and there was not the usual fallow year 
between crops. In this test the yield response was marked. The 
yields on the plots at Mona were low, although the percentage 
increase in yield was high. 
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Table 9. The yield and protein content of wheat at three locations in relation to rate of 
nitrogen fertilizer treatment and time of application 
Location 
Blue Creek Pocatello Valley Collinston 
Treatments Time of 
and rate application Yield Protein Yield Protein Yield Protein 
bu. percent bu. percent bu. percent 
Control 33.0 12.28 26.7 9.88 17.3 7.55 
Am. SO. 200 lb./ A Fall 1946 31.0 11.02 37.0 10.75 19.3 8.15 
300lb./A 34.7 11.12 35.3 10.58 19.7 9.23 
Am. NOa 125 lb./ A 28.0 12.67 33.0 10.20 22.7 8.10 
1871b./A 30.3 12.23 37.7 11.00 25.7 9.55 
Am. SO~ 200 lb./ A Spring 1947 30.3 13.18 40.0 10.98 27.7 8.03 
300 lb./A 29.0 15.28 37.3 10.98 23.3 9.85 
Am. NOs 125 lb./ A 25.0 15.20 37.3 10.60 20.0 9.45 
1871b./A 31.3 14.35 39.7 11.05 22.0 8.98 
Am. SO. 200 lb./ A Seeding 1947 31.0 13.93 36.0 10.48 23.7 9.52 
3001b./A 29.7 14.38 43.7 11.32 22.3 9.35 
Am. NOs 125 lb./ A 31.3 14.20 36.0 10.80 25.0 9.25 
1871b./A 32.7 16.02 38.3 11.30 24.3 11.02 
Am. SO~ 200 lb./ A Spring of 31.0 13.27 31.3 10.92 25.7 10.48 
300 lb./A harvest 1948 29.7 14.03 33.7 11.33 29.7 10.45 
Am. NOs 125 lb./ A 34.7 15.80 40.3 11.65 25.3 9.75 
1871b./A 33.0 15.15 42.3 12.60 25.0 11.63 
Average 30.9 13.77 36.5 10.96 23.5 9.43 
L. S. D. at .05 N.S. 2.26 9.1 0.86 7.6 1.67 
L. S. D. at .01 3.04 12.2 1.16 10.2 2.23 
Table 10. The effect of time of application, rate, and source of nitrogen on. the yield and protein content of winter wheat· 
Source of nitrogen 
Ammonium sulfate Ammonium nitrate 
Time of 
Rates of nitrogen - pounds per acre Z 
~ 
application 40 60 40 60 Averages ~ l:D 
0 
Yield Protein Yield Protein Yield Protein Yield Protein Yield Protein 
G') 
tr:I 
Z 
bu. percent bu. percent bu. percent bu. percent bu. percent ~ l:D 
Fall stubble > 
1946 29.1 9.91 29.9 10.31 21.9 lO.32 29.6 10.93 29.1 10.38 ~ 
0 
Spring stubble Z 
1941 32.1 10.13 29.9 12.04 21.4 11.15 31.0 11.46 30.2 11.50 :e 
~ 
Seeding time 
1941 30.2 11.31 31.9 11.68 30.8 11.42 31.8 12.18 31.2 11.80 ~ 
l:D 
Spring harvest :e 
year 1948 29.3 11.56 31.0 11.94 33.4 12.40 33.4 13.13 31.8 12.26 ::t: 
tr:I 
Averages 30.3 lO.89 30.1 11.49 29.9 11.41 31.4 12.-01 > ~ 
Control 25.7 9.9 
• Averages from trials at 3 locations. 
Statisical analysis of the data is presented in table 8 of appendix. 
.... 
Cit 
Table 11. The yield of dry land wheat at seven locations in relation to fertilizer treatment, 1948 
Location County Cache Juab Utah Box Elder Box Elder Salt Lake Salt Lake 
Town Coveo Mona Alpine Collinston Howell Harriman No.1 Harriman No.2 
Treatment Yield Protein Yield Protein Yield Protein Yield Protein Yield Protein Yield Protein Yield ProteirJ 
bu. percent bu. percent bu. percent bu. percent bu. percent bu. percent bu. percent 
Control 14.3 10.25 6.3 10.47 23.0 11.85 36.3 8.88 15.7 10.47 18.0 16.62 24.0 9.03 
Am. SO, 200 lb./ A 30.3 10.58 8.7 11.97 21.0 12.20 40.3 10.27 15.7 11.92 14.7 17.63 25.7 9.95 
Am. NOa 125 lb./ A 31.0 11.05 9.7 12.77 23.3 13.13 42.7 11.10 16.7 13.82 13.7 18.20 27.0 10.92 
Am. NO. +P~5 65/ A 30.6 10.52 9.7 12.68 24.7 13.60 46.0 10.27 15.7 13.70 17.0 17.73 26.7 11.03 
Average 26.6 10.60 8.6 11.96 23.0 12.70 41.3 10.13 16.0 13.48 15.9 17.55 25.9 10.23 
L. S. D. at .05 4.5 .45 2.0 1.38 N.S. 1.19 4.9 1.38 N.S. 2.73 N.S . N.S. N.S. .93 
L. S. D. at .01 6.5 .68 2.9 2.08 N.S. 1.80 7.5 2.08 N.S. 4.13 N.S. N.S. N.S. 1.40 
°There was not the usual fallow year before the crop. 
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Table 12. Effect of repeat treatments of nitrogen fertilizers on the yield and 
quality of wheat on series I plots at the Nephi Field Station 
Harvest season 
Treatment 1945 1947 1949 
Yield Protein Yield Protein Yei. berry Yield 
bu. percent bu. percent percent bu. 
Control 22.3 9.99 35.3 8.11 74 17.4 
125 lbs. Na. nit. fall 28.3 10.83 36.3 9.35 40 22.5 
250 lbs. Na. nit. fall 29.7 10.96 46.8 10.12 37 24.4 
100 lbs. Am. sui. fall 25.3 10.39 36.8 8.81 60 19.7 
200 lbs. Am. sui. fall 28.0 10.85 39.3 9.60 33 21.7 
125 lbs. 16-20-0 fall 29.5 10.09 36.1 9.12 57 21.7 
100 lbs. 11-48-0 fall 25.7 10.30 35.1 8.56 59 20.1 
300 lbs. Am. suI. fall 41.6 10.12 18 26.7 
125 lbs. Na. nit. spring 23.8 9.88 42.7 9.26 46 23.6 
250 lbs. Na. nit. spring 29.5 12.22 43.1 11.15 30 22.8 
100 lbs. Am. sui. spring 24.8 10.05 43.0 9.35 39 20.9 
200 lbs. Am. sui. spring 25.0 10.83 42.0 10.16 27 22.9 
100 lbs. 0-43-0 fall 23.0 10.07 
See table 9 and 10 of appendix for . statistical analysis. 
CONTINUOUS TRIALS AT THE NEPm FIELD STATION 
During the fall of 1944 a continuing test was established at 
the Nephi Field Station. Except for drilling the fall application 
the first year, all fertilizer applications were broadcast. Adjacent 
to these plots an indentical test was established in the fall of 1945. 
These two trials designated as series I and II have been continued 
and data reported in tables 12 and 13, up to and including the 
1.950 harvest season. Unfortunately, samples for protein determi-
nations were not obtained in 1949 and 1950. Yield data have been 
taken from one of the two trials each year, repeat treatments hav-
ing been made for each crop. In sumluarizing the data, those from 
individual years have been analyzed and then combined by series 
and by cycles (appendix tables 9 and 10). One cycle constituted 
Table 13. Effect of repeat treatments of nitrogen fertilizers on the yield and quality of wheat on series II plots at the Nephi .... 
Field Station 
00 
c:: 
~ 
Harvest season > 
::z:: 
1946 1948 1950 ~ 
!:d 
~ 
Treatment Yield Protein Yellow berry Yield Protein Yellow berry Yield Yellow berry Ci c:: 
t"4 
bu. percent percent bu. percent percent bu. percent d 
!:d 
Control 11.7 8.57 83 28.0 10.42 35 28.8 66 > t"4 
125 lbs. Na. nit. fall 21:2 9.33 64 30.3 11.32 16 32.4 49 t%j ~ 
250 Ibs. Na. nit fall 24.0 9.58 49 33.0 12.72 10 37.2 31 t%j 
!:d 
100 lbs. Am. suI. fall 17.0 8.59 83 31.0 10.85 28 32.0 57 ~ ::: 
200 lbs. Am. suI. fall 19.3 8.93 76 30.3 H.48 16 34.0 65 
t%j 
Z 
125 lbs. 16-20-0 fall 15.7 8.27 84 29.0 
~ 
10.18 31 35.6 54 en 
100 lbs. H-48-0 fall 13.7 8.73 79 29.3 10.87 25 30.0 59 ~ ~ 
300 lbs. Am. suI. fall 34.0 H.73 12 
~ 
34.8 37 0 
Z 
125 lbs. Na. nit. spring 18.3 8.70 79 30.7 10.52 23 32.8 54 lJj 
250 lbs. Na. nit. spring 24.5 9.95 50 30.3 11.65 10 35.6 
c:: 
33 ~ 
t"4 
100 lbs. Am. suI. spring 15.3 8.64 82 29.0 11.43 19 30.0 54 t%j ~ 
~ 
200 lbs. Am. suI. spring 17.3 8.66 76 27.6 11.15 28 31.6 49 Z 
CI:) 
100 lbs. 0--43-0 fall 18.0 8.55 85 CIt CI:) 
See tables 9 and 10 of appendix for statistical analysis. 
/ 
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a crop from each of the two series. / There were three cycles for 
the six seasons. As shown in table 14 where the data are sum-
marized, yield and protein increases were realized from the use 
of nitrogen fertilizer. The 40-pound applications were more ef-
fective in increasing yield and protein content and decreasing the 
percentage of yellow berry. There was no significant difference 
in the effects of fall and early spring applications. The nitrate 
was significantly more effective in increasing yields and protein 
content. Percentage of yellow berry followed the protein content 
in an inverse relation. It should be mentioned that the plots that 
received sodium nitrate showed visual evidence of poor structure 
and puddling of the soil. No benefit has been shown from phos-
phate alone or in combination with nitrogen on the soils at Nephi. 
DISCUSSION 
NITROGEN INCREASES YIELD AND PROTEIN CONTENT 
N ITROGEN applications have increased either yield, protein con-tent, or both of winter wheat in practically all the experiments. 
The yield increases have ranged up to 16 bushels an acre. The 
average increase at Nephi from 40 pounds of nitrogen was 7 
bushels and 2.37 percent protein content. In only one trial 
(Harriman No.1) was the yield from a fertilized treatment less 
than from the control. This was not a Significant depression of 
yield, but it came at the time of a serious summer drought. Pro-
tein increases have ranged up to 3.85 percent. Occasional failure 
to obtain an increase in protein is likely attributable to utilization 
. of the nitrogen in the production of more grain and straw, leaving 
an insufficient amount to increase the protein content of the grain. 
When applications are made late in the spring, as they were in the 
trial reported in table 1, rainfall may be insufficient to carry the 
nitrogen into the root zone and hence the nitrogen cannot be 
used by the plant. High protein wheat is particularly important 
to growers who feed their grain and whenever processors are will-
ing to pay a premium for the high protein. 
It is not profitable to apply nitrogen fertilizer to all dry lands. 
Some of the low-lying lands have more favorable moisture and 
fertility and produce grain tha t would lodge if fertilized. The 
other extreme can be found in low rainfall belts, on badly eroded 
Table 14. The influence of sources and rate of nitrogen fertilizers on the average yield and protein contentO of winter wheat 
grown at Nephi for six seasons (1945-50) 
Source of nitrogen 
Ammonium sulfate Sodium nitrate 
Rate of nitrogen-pounds per acre Averages 
20 40 20 40 
Time of 
application Yield Protein Yield Protein Yield Protein Yield Protein Yield Protein 
bu. percent bu. percent bu. percent bu. percent bu. percent 
Fall 27.0 9.66 28.8 10.21 28.5 10.21 32.5 10.84 29.2 10.23 
Spring 27.2 9.70 27.7 10.20 287 9.59 31.0 11.24 28.6 10.18 
Average 27.1 9.68 28.2 10.20 28.6 9.90 31.5 11.04 
Control 23.9 9.27 
o Averages for protein content are for four seasons. 
See tables 9 and 10 of appendix for statistical analysis. 
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areas, or on shallow soils where production is low and f~rtilizer 
would likely induce a rather large percentage increase yet the 
increase per acre would be small and not profitable. This is illus-
trated by results from the Juab County test reported in table II. 
RATE OF FERTILIZER TO ApPLY 
The average yield response seems to have been about in pro-
portion to the nitrogen applied. This has been true for rates up to 
40 pounds of nitrogen and in several instances for 60 pound appli-
cations. The application cost for a 10-pound treatment is practi-
cally the same as for 40 pounds. If the difference in .total cost 
is merely the difference in fertilizer cost, then it becomes more 
economical to make the heavier application. If moisture condi-
tions and plant stand are not favorable, then a rate less than 40 
pounds would be more practical. Protein increases are much 
more likely to be realized from application rates of 40 or 60 
pounds. 
WHEN TO ApPLY THE NITROGEN 
Applications both in fall of seeding year and early spring of 
harvest year have been found satisfactory. At Nephi there has 
been little difference in response. In the northern counties of 
Box Elder and Cache the difference has been in favor of early 
spring applications. In these counties trials were run in which 
applications were made as early as the fall of harvest year and 
spring of fallow season as well as the usual fall vs. spring compari-
sons. In these trials the response was least from the earliest appli-
cation and became progreSSively greater for the later applications. 
Each application time has some advantages. In the fall the land 
is usually easy to get on and the fertilizer can be applied any time 
before winter. In the spring the application must be early when 
soils and climatic conditions may not be favorable. The fertilizer 
must be broadcast when the foliage is dry so the fertilizer will not 
adhere to the plant and cause burning. Spring application does 
have the advantage in that it offers the grower an opportunity to 
evaluate the soil moisture conditions and to determine the effects 
that winter had on the stand. This evaluation offers him an op-
portunity to decide whether or not to apply fertilizer or to adjust 
the rate. 
Table 15. The rainfall in relation to yield and protein content of wheat at the Nephi Field Station 
Rainfall Grain yield Protein 
40 lbs. 
Crop Springe Anuual Twoyeart Control nitrogen Increase Control 40 lb./N Increase 
year period applied 
inches inches inches bushels bushels bushels percent percent percent 
1943 4.52 12.42 26.27 20.3 27.6 7.3 11.09 14.94 3.85 
1944 6.66 16.17 28.33 20.4 33.6 13.2 9.62 12.16 2.54 
1945 4.43 16.75 31.17 22.3 29.5 7.2 9.99 12.22 2.23 
1946 3.78 18.84 26.57 11.7 17.3 5.6 8.57 9.95 1.38 
1947 4.23 15.09 33.16 35.3 43.1 7.8 8.11 11.15 3.04 
1948 3.25 11.11 33.46 28.0 30.3 2.3 10.42 11.65 1.23 
1949 4.15 12.68 26.37 17.4 22.8 5.4 
1950 2.01 10.39 25.48 28.8 35.6 6.8 
Nonnal 14.42 6.95 2.37 
°Rainfall for April, May, and June. 
tTwo year period based on fallow and crop season running from August 1 to July 31. 
Table 16. Correlation coefficients for rainfall and yield and protein data from the Nephi Field Station 1943-1950 
Rainfall 
period 
Spring 
Annual 
Biennial 
Control 
-.3675 
-.5504 
.5211 
Yield 
Increase 
from nitrogen 
.7443 
.4139 
-.1983 
Control 
.0257 
-.6484 
- .1904 
Protein 
Increase 
from nitrogen 
.4062 
-.2226 
- .2742 
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SOURCE OF NITROGEN 
Nitrogen in the ammonium and nitrate form was compared 
at equivalent rates. In some seasons at some of the locations 
there was no difference in the effectiveness of the materials. In 
many instances, however, there were differences and these were 
in favor of the nitrate form. This is probably owing to one or all 
of several conditions: failure of the ammonium form to be moved 
by rainfall from the surface into the root zone; inadequate utiliza-
tion of ammonium or lack of oxidation to the nitrate form; loss of 
ammonia by volatilization. 
Where sodium nitrate was used as the nitrate source for re-
peat applications as at the Nephi Field Station there was visible 
evidence that the soil was being adversely affected physically by 
the particles becoming more dispersed. This deterioration was 
not reflected in reduced crop yields. 
INFLUENCE OF PRECIPITATION ON YIELD AND QUALITY OF WHEAT 
Annual precipitation in northern Utah has been above normal 
most of the years during these studies. At Logan in Cache Valley 
the normal is 16.64 inches, while the average for the period 1943-
1950 was 19.69 inches. 
Rainfall undoubtedly influences the yield and protein content 
of wheat and also the response to nitrogen. However, as can be 
seen in table 15, there has been little relation between yield or 
protein or their increases from nitrogen fertilizer and the annual 
precipitation or the rainfall for the biennial period of fallow and 
crop season. 
There has been a fair correlation between the spring rainfall 
and the response to nitrogen fertilizer as can be seen in table 16. 
These findings are in agreement with Greaves and Bracken4 work-
ing with yield and rainfall data from the Nephi Field Station 
when they concluded that seasonal distribution of rainfall was 
more important than the yearly total. Asfour~ in analyzing the 
Nephi data from 1908-1949 found that spring rainfall of the crop 
4J. E. Greaves and A. F. Bracken. Effect of cropping on the nitrogen, phosphorus, 
and organic carbon content of a dry-farm soil and on the yield of wheat. Soil Sci. 
62:355-364. 1946. 
GWajeeh R. Asfour. Weather in relation to the yield of dry-land winter wheat. 
Utah State Agricultural College. Master's thesis. 1950. 
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season was the most important period in crop production with a 
correlation of .556, while the correlation between yield and annual 
rainfall was only .366. He also found that temperature correct-
ions gave no greater correlation. 
The author feels that more important than the total or 
seasonal precipitation is the timeliness of the storms, the amount 
of precipitation during each storm, and the amount of runoff. 
The quantity of straw produced by previous crop also probably 
affects both the yield and the response to fertilizer. 
APPENDIX TABLES 
Table 1. Analysis of variance for data presented in table 1 
Mean squares 
Source of variation d. f. Yield Protein ' Straw Test wt. 
Replications 3 58.4700 3.181200 .2000" .1267 
Treatments 10 80.9900 .2334 .308000 .3520 
Po vs. P 1 1.31 .0556 .0600 .1100 
Early vs. late 1 438.0200 .0012 1.9200" .3200 
No vs. N 1 209.4100 .0027 .730000 .0700 
N20 vs. Nto 1 52.51" .2400 .3300 1.930000 
N20 vs. N40 x early vs. late 1 4.20 .2916 .0500 .0000 
Error 30 3.42 .1241 .0170 .2403 
Total 43 
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Table 2. Analysis of variance for data in table 2 
Mean squares 
Source d. f. Yield Protein 
Treatment 8 122.2218°° 1.7576$0 
Control vs. treated 1 234.1808* .6555° 
Sources 1 167.6281 ° .0578 
Rates 3 187.196800 4.0919°0 
Linear 1 477.619200 10.2921°0 
Quadratic 1 48.3636 1.970100 
Cubic 1 35.6077 .0133 
Rates x sources 3 4.7916 .3572 
Linear 1 1.3141 .6708° 
Quadratic 1 5.1842 .3872 
Cubic 1 7.8766 .0137 
Replications 3 30.6267 .895800 
Error 24 31.8426 .1287 
Total 35 
Table 3. Analysis of variance for data in table 3 
Mean squares 
Source d. f. Yield Protein 
Treatment 8 40.31°° 6.465900 
Control vs. treated 1 43.55° 6.4919--
Source 1 91.8000 25.169600 
Rates 3 58.4800 5.332900 
Linear 1 173.8900 9.3606°° 
Quadratic 1 .24 6.037800 
Cubic 1 1.30 .6002 
Rates x sources 3 3.90 1.3558 
Linear 1 1.06 3.4222° 
Quadratic 1 10.36 .3121 
Cubic 1 .30 .3331 
Replications 3 12.85 8.606700 
Error 24 8.84 .7665 
Total 35 
Table 4. Analysis of variance for data in table 4 
Mean squares 
Source d. f. Yield Protein 
Treatments 10 187.65°· 4.0800·· 
Season 1 76.2600 .9976 
Source 1 40.6000 16.744400 
Rate 1 572.9100 4.4328° 
Source x season 1 1.12 .9350 
Source x rates 1 169.2800 1.6790 
Rates x season 1 6.30 .0732 
Replications 3 4.50 5.452500 
Error 30 5.17 .6012 
Total 43 
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Table 5. Analysis of variance for data presented in table 5 
Source 
Treatments 
Tillage 
Fertilier 
Tillage x fertilizer 
Replications 
Error 
d. f. 
3 
3 
9 
1 
1 
1 
Yield 
176.26*0 
70.56 
447.3200 
10.90 
26.28 
15.20 
Mean squares 
Protein 
5.611400 
.0072 
16.646400 
.1807 
.1482 
.3242 
Table 6. Analysis of variance for combined data in table 6 
Straw 
.619800 
.2209 
1.63840$ 
.0001 
.0067 
.0509 
Mean squares 
Source d . f. 
Locations 2 
Treatments 11 
Rate 1 
Source 1 
Time 1 
Rate x source 1 
Rate x time 1 
Source x time 1 
Rate x source x time 1 
Remainder 4 
Block effe"ct 6 
Location x treatment 22 
Location x rate 2 
Location x source 2 
Location x time 2 
Location x rate x source 2 
Location x rate x time 2 
Location x source x time 2 
Location x rate x source x time 2 
Remainder 8 
Error 66 
Total 107 
Yield 
1962.0800 
11.90 
3.34 
.82 
.66 
.10 
13.26 
56.710 
4.25 
12.94 
74.1100 
15.32 
27.02 
18.80 
22.58 
6.06 
2.22 
29.36 
16.86 
11.40 
9.86 
Protein 
98.31990$ 
9.118900 
33.565400 
16.608000 
.5168 
.1549 
2.1980 
.1458 
5.379200 
10.4350.0 
7.1318*0 
1.327700 
1.1616 
1.3750 
.1296 
.3412 
.3984 
1.94180 
3.1947. 0 
1.51560 
.5965 
Table 7. Analysis of variance for combined data in table 8 
Source 
Locations 
Treatments 
Source 
Rates 
Rate x source 
Control vs. treated 
Location x treatments 
Location x source 
Location x rates 
Location x source x rates 
Location x control vs. treated 
Replications 
Pooled error 
Total 
d. f. 
3 
6 
18 
8 
48 
83 
1 
2 
2 
1 
3 
6 
6 
3 
Mean squares 
Yield 
45.400 
106.830 
114.000 
98.710 
2.76 
324.010 
14.49 
11.65 
7.96 
6.66 
46.030 
6.2854 
Protein 
20.798900 
14.426800 
22.211100 
16.113400 
2.1516 
27.8193 
.7474 
1.5899 
.7478 
.3208 
.7572 
.3966 
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Table 8. Analysis .of variance of data in table 10 
Mean squares 
Source d.f. Yield Protein 
Control vs. treatment 1 21300 21.3300 
Time of application 3 36 22.8600 
Linear 1 108.11 0 63.1900 
Quadratic 1 .06 3.77 
Cubic 1 .40 1.62 
Source 1 5 12.3000 
Rate 1 48 13.0200 
Time x source 3 43 .98 
L 1 64.20 1.81 
Q 1 60.07 .98 
C 1 5.87 .14 
Time x rate 3 4 .31 
L 1 3.34 .18 
Q 1 3.06 .29 
C 1 7.40 .44 
Source x rate 1 24 0.00 
Time x source x rate 3 30 2.80 
L 1 43.51 .83 
Q 1 12.84 .86 
C 1 31.67 6.72 
Locations 2 228400 246.1700 
Treatments x locations 
Control vs. treated 2 12400 .47 
Time 6 26 5.3600 
L 2 19.86 4.500 
Q 2 44.89 10.4300 
C 2 12.47 1.13 
Source 2 8 3.270 
Rate 2 10 .91 
Time x source 6 590 .45 
L 2 84.460 .29 
Q 2 23.39 1.00 
C 2 69.120 .09 
Time x rate 6 16 .54 
L 2 21.42 .26 
Q 2 11.97 1.37 
C 2 13.49 .02 
Source x. rate 2 0 1.69 
Time x source x rate 6 10 1.45 
L 2 19.32 1.15 
Q 2 18.10 .45 
C 2 2.01 2.73 
. Replications within locations 6 20 .88 
Errors within locations 96 22 1.04 
Total 152 
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Table 9. Analysis of variance for yield data in tables 12, 13, and 14 
Source d. f. Mean squares 
Treabnents 10 77.1000 
Rate 1 171.6100 
Source 1 30.620 
Time 1 10.46 
Rate x source 1 13.57 
Rate x time 1 18.34 
Source x time 1 1.91 
Rate x source x time 1 5.76 
Remainder 3 172.9000 
Replications 5 104.6600 
Years x series 1 290.4300 
Within series x years 4 58.2200 
Error (a) 50 7.14 
Error within series 40 6.25 
Treabnent x years 10 10.73 
Cycles 2 2629.9000 
Cycles x treabnent 20 14.180 
Rate 2 5.06 
Source 2 47.4500 
Time 2 17.04 
Rate x source 2 11.76 
Rate x time 2 22.12 
. Source x time 2 .78 
Rate x source x time 2 6.46 
Remainder 6 10.39 
Cycles x replications 10 472.0000 
Years x series 2 2275.7600 
Within series x years 8 21.050 
Error (b) 100 8.15 
Error within series 80 5.17 
Treabnent x years 20 20.08 
Total 197 
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Table 10. Analysis of variance for protein data in tables 12, 13, 14 
Source d. f. Mean squares 
Treatments 10 
Rate 1 
Source 1 
Time 1 
Rate x source 1 
Rate x time 1 
Source x time 1 
rate x source x time 1 
Remainder 3 
Replications 5 
Years x series 1 
Within series and years 4 
Error (a) 50 
Error within series 40 
Treatment x years 10 
Cycles 1 
Cycles x treatment 10 
Rate 1 
Source 1 
Time 1 
Rate x source 1 
Rate x time 1 
Source x time 1 
rate x source x time 1 
Remainder 3 
Cycles x replications 5 
Years x series 1 
Within series x years 4 
Error (b) 50 
Error within series 40 
Treatment x years 10 
Total 131 
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